The purpose of present study was to obtain comprehensive data of morphometric and anatomical details of jugular foramen.
Introduction
Jugular foramen (JF) lies in the petro-occipital fissure in its posterior end as a large irregular hiatus. Its long axis is directed anteromedially. Its upper margin exhibits sharpness and notching as compared with its smooth lower margin. Anterior wall contains a fossa called jugular fossa, which lodges the jugular bulb. The posterior end of foramen shows a marking for the sigmoid sinus which continues as the internal jugular vein in the foramen. The glossopharyngeal, vagus, and accessory cranial nerves passing through the middle part of the foramen lie between the inferior petrosal sinus and the sigmoid sinus. 1 JF has been studied extensively by various researchers because of its immense clinical importance. It is associated with many vascular and congenital anomalies. It is also associated with many cancerous lesions. Most common cancerous lesions associated with JF are glomus jugulare tumor, paraganglionoma, neuroma, and meningioma. 2 The present study is aimed to find out the asymmetry of JF diameters and describe and analyze the frequency of abnormal morphological features.
Materials and Methods
The study was performed in the Department of Anatomy in association with the Department of Radiodiagnosis, Vardhman Mahavir Medical College and Safdarjung Hospital, New Delhi, India.
Thirty dry adult human skulls and computed tomography (CT) scans from 30 adult patients were used to conduct the present study. All individuals participating in the study gave their informed consent.
High-resolution unenhanced CT scans of the skull base were performed on a 40-slice Philips Brilliance 190 P scanner. Spiral volumetric data acquisition was done through the skull base to the vertex or as per clinical indications. Thin sections of 1 to 1.5 mm were reconstructed in the axial plane parallel to the infraorbitomeatal line. Coronal plane images were obtained perpendicular to this plane. High-resolution matrix and bone algorithm were used.
Measurements of JF diameters in dry skull were recorded exocranially. These measurements were recorded by using digital Vernier calipers with sensitivity 0.1 mm. The observations were carefully recorded and tabulated.
The observations recorded in both dry skulls and CT scans were: 
Results

Dry Skulls
The shape of foramen was found to be irregular in all the dry skulls. In one dry skull, septation of right-sided JF was seen (►Fig. 1). No other morphological variations were observed.
The morphometric observations of JF are depicted in ►Table 1. The mean transverse diameter (TD) of JF was 16.83 ± 1.91 mm on the left side and 17.48 ± 2.34 mm on the right side. The mean diameter anteroposteriorly was 9.53 ± 1.92 and 10.72 ± 1.93 mm on the left and right side, respectively. The mean distance of JF to the base of mastoid process was 13.67 ± 1.46 and 13.51 ± 1.70 mm on the left and right side, respectively.
The TD of the JF in dry skulls ranged from 13.00 to 20.90 mm on the left side as compared with 12.20 to 23.20 mm on the right side, but the majority of the values ranged between 16.00 and 17.90 mm as depicted in ►Table 2.
The anteroposterior diameter (APD) of JF in dry skulls ranged from 6.01 to 13.20 mm on the left side compared with 6.80 to 15.00 mm on the right side. The majority of values are in the range of between 8.00 and 9.9 mm on the left side and 10.00 and 11.90 mm on the right side as depicted in ►Table 3.
The distance of JF to base of mastoid process ranged from 10.80 to 16.80 mm on the left side and 9.40 to 17.20 mm on the right side. But majority of values were in the range of 13.00 to 14.90 mm on both sides as depicted in ►Table 4. 22-23 0.9 0 1 8-9.9 10 6
10-11.9 6 13 12-13.9 5 6
14-15 9 0 2
CT Scans
It was found to be present bilaterally in all the CT scans of patients. The shape of JF was irregular in all the CT scans of patients examined. No other unusual morphological feature such as septation could be visualized in any of the CT scans examined. CT scan images of JF are depicted in ►Figs. 2 and 3.
The morphometric observations of JF are depicted in ►Table 5. The mean TD of the JF in the CT scans of the patients examined was 13.43 ± 2.47 mm on the left side compared with 14.83 ± 2.62 mm on the right side. The mean APD was 7.82 ± 1.88 and 9.28 ± 2.03 mm on the left and right side, respectively. The mean distance of JF to base of mastoid process was 12.48 ± 3.01 and 11.55 ± 3.15 mm on the left and right side, respectively.
The TD of JF in CT scans of the patients ranged between 9.00 and 20.60 mm and 10.30 and 20.70 mm on the left and right side, respectively. But most of the values ranged between 13.00 and 14.90 mm on both sides as depicted in ►Table 6.
The APD of JF in CT scans ranged between 5.20 and 11.00 mm and 6.40 and 15.40 mm on the left and the right side, respectively. But most of the values were in the range of 5.00 to 6.90 mm on the left side and 7.00 to 8.9 mm on the right side as depicted in ►Table 7.
The distance of JF to mastoid base in CT scans ranged between 6.40 and 18.20 mm and 5.70 and 16.90 mm on the left and right side, respectively. On the left side, one-third of the values ranged between 11.00 and 12.90 mm as depicted in ►Table 8. But on the right side, values were evenly distributed along the whole range.
Discussion
The JF is a cross-road of neurovascular structures in the base of skull. 3 The JF of the patients examined was present bilaterally and was irregular in shape in all the dry skulls as well as in the CT scans. The present study shows a bony septum Abbreviation: JF, jugular foramen. dividing the right-sided JF in one dry skull (►Fig. 1). Similar finding was also reported by earlier authors with prevalence ranging from 3.6 to 38%. [4] [5] [6] The values of TD and APD were found to be greater on the right side in the current study. Statistical analysis revealed that the TD of JF in dry skulls did not show any significant difference between the left and right sides, whereas APD of JF in dry skulls showed statistically significant difference between the two sides (►Table 1) (►Fig. 4). On the other hand, significant difference in both diameters was observed in CT scans of the patients (►Table 1) (►Figs. 5 and 6). These findings are in agreement with those of earlier investigators 7 who reported that TD as well as APD were greater on the right side (►Table 9). Contrarily, other researchers 8 reported that the right JF was longer in sagittal diameter whereas the left JF was longer in TD.
Asymmetry of JF to a certain degree is commonly observed and results due to variable bone formation around the primitive posterior foramen lacerum and also due to the lateral sinus developing unequally. 9 The distance of JF to the base of mastoid process between the left and right side in dry skulls as well as in CT scans (►Tables 1 and 5 ) was not observed to be significantly different.
Conclusion
The present study was dedicated to obtain comprehensive data of morphometric and anatomical features of JF, which may help radiologist and neurosurgeon to differentiate normal and pathological variations. Abbreviations: CT, computed tomography; JF, jugular foramen. 
